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Summary
The BOREAS Staff Science Satellite Data Acquisition Program focused on providing the research teams with the remotely sensed satellite data products they needed to compare and spatially extend point results. Data acquired from the AVHRR instrument on the NOAA-9, -11, -12, and -14 satellites were processed and archived for the BOREAS region by the MRSC and BORIS. The data were acquired by CCRS and were provided for use by BOREAS researchers.
A few winter acquisitions are available, but the archive contains primarily growing season imagery. These gridded, at-sensor radiance image data cover the period of 30-Jan-1994 to 18-Sep-1996 . Geographically, the data cover the entire 1,000-kin x 1,000-kin BOREAS region. The data are stored in binary image format files.
Note: due to the large size of the images, the level-3b AVHRR-LAC data are not contained on the BOREAS CD-ROM set. An inventory listing file is supplied on the CD-ROM to inform users of what data were collected. The level-3b AVHRR-LAC image data are available from the Earth Observing System Data and Information System (EOSDIS) Oak Ridge National Laboratory (ORNL) Distributed Active Archive Center (DAAC). See sections 15 and 16 for more information. For the NOAA-14 data from 1995, the calibration coefficients used for level-3b are different from those used for level-4c (but are identical to those used for level-4b).
The remainder of the processing is the same; i.e., each single-date image is registered to a map projection using high-resolution image chips, the image is then resampled, and output channels are produced.
There is no compositing involved for the level-3b product. Details of the level-3b processing are described in Section 9. BORIS staff processes the level-3b AVHRR-LAC images by: 1) extracting pertinent header information from the level-3b image product and placing it in an American Standard Code for Information Interchange (ASCII) file on disk, and 2) reading the information in the disk file and loading the online data base with information. 
Theory of Measurements
The AVHRR is a four-or five-channel scanning radiometer capable of providing global daytime and nighttime information about ice, snow, vegetation, clouds, and the sea surface. These data are obtained on a daily basis primarily for use in weather analysis and forecasting; however, a variety of other applications are possible. The AVHRR-LAC data collected for the BOREAS project were from instruments onboard NOAA-9, -11, -12, and -14 polar orbiting platforms. The radiometers measured emitted and reflected radiation in one visible, one near-infrared, one middle-infrared, and one or two thermal channels (on some platforms the thermal channels were identical). The primary use of each channel and spectral regions and bandwidths on the respective NOAA platforms are given in the following tables: 
Key Variables
Emitted radiation, reflected radiation.
4.1.5 Principles of Operation The AVHRR is a four-or five-channel scanning radiometer that detects emitted and reflected radiation from Earth in the visible, near-, middle-, and thermal-infrared regions of the electromagnetic spectrum. A fifth channel was added to the follow-on instrument designated AVHRR/2 and flown on NOAA-7, -9, -11, and -14 to improve the correction for atmospheric water vapor. Scanning is provided by an elliptical beryllium mirror rotating at 360 rpm about an axis parallel to that of Earth. A two-stage radiant cooler is used to maintain a constant temperature of 95 K for the infrared detectors. The operating temperature is selectable at either 105 or 110 K. The telescope is an 8-inch afocal, all-reflective Cassegrain system. Polarization is less than 10 percent. Instrument operation is controlled by 26 commands and monitored by 20 analog housekeeping parameters.
4.1.6 Sensor/Instrument Measurement Geometry The AVHRR is a cross-track scanning system. The IFOV of each sensor is approximately 1.4 milliradians, giving a resolution of 1.1 km at the satellite subpoint. There is about a 36 percent overlap between IFOVs (1.362 samples per IFOV). The scanning rate of the AVHRR is six scans per second, and each scan spans an angle of +/-55.4 degrees from the nadir.
Manufacturer of Sensor/Instrument

ITT Aerospace P.O. Box 3700
Fort Wayne, IN 46801-3700
Calibration
The thermal-infrared channels are calibrated in-flight using a view of a stable blackbody and space as a reference.
No in-flight visible channel calibration is performed. Channel 3 data are noisy because of a spacecraft problem and may not be usable, especially when the satellite is in daylight (Kidwell, 1991). The AVHRR infrared channels were designed for a Noise Equivalent Differential Temperature (NEDT) of 0.12 K (at 300 K), and a signal-to-noise ratio of 3:1 at 0.5-percent albedo. After theentireblockhasbeendecommutated, the PRTsarechecked for patterncorrectness. A valid PRTpatternconsistsof a PRTreference countwhosevalueis lessthan10followedby 4 PRTcounts whosevaluesaregreater than 10.After decommutation, thePRTcountsarefiltered,andthemeanand standard deviationof eachPRTarecomputed. ThemeanPRTcountsarethenconverted to temperature usingtheformula: The slopes and intercepts for all five channels are then stored in each scan line in the given block. The calibration overlay then begins this process again for the next block. The final function of the calibration overlay is to determine ramp linearity or nonlinearity. This process reverses the ramp on infrared channels from descending to ascending.
Specifications
Frequency of Calibration
The ramp values are then adjusted according to data type (i.e., LAC or Global Area Coverage (GAC)).
Other Calibration Information
None given.
Data Acquisition Methods
The BOREAS level-3b AVHRR-LAC images were acquired through the CCRS. Some radiometric corrections along with geometric corrections are applied to produce the imagery in a spatially corrected form (AEAC projection).
A full level-3b AVHRR-LAC image for the BOREAS region contains approximately 1,000 pixels in each of approximately 1,000 lines. Before geometric corrections, the ground resolution ranges from 1.1 km at nadir to 5 km x 6.8 km at the scanning extreme of 55.4 degrees. The raw pixel values in the images can range from 0 to 1,024.
The level-3b image pixel values are scaled radiances stored in 16-bit (2-byte) fields and can range from -32,768 to 32,767. The level-3b images were processed through the CCRS GEOCOMP system, which applies both radiometric and spatial corrections to the imagery. Because of data volume and pervasive cloudiness, only a limited number of single-date level-3b images were placed into BORIS. Raw data are available from the CCRS Prince Albert Satellite Station (PASS).
Data Notes
None. 
Spatial Resolution
Beforeanygeometriccorrections, the spatial resolutionvariesfrom 1.1km atnadirto approximately 4.5km attheextremeedges of the scan. Thelevel-3bAVHRR-LAC imageshavehad geometriccorrections appliedsothatthesizefor all pixelsis 1km in all bands.
Projection
Theestablished BOREASgrid systemis basedon theellipsoidal versionof the AEAC projection asdefinedwithin theNAD83.The origin of the gridis at 111°W, 51°N, andthe standard parallelsare setto 52.5°N and58.5°N asprescribed in "Map Projections-A WorkingManual,"USGS Professional Paper1395,JohnP. Snyder,1987.All of the projectionequations usedto calculatethe BOREASgrid coordinates weretakenfrom this manual.
Grid Description
The level-3b images are projected into the AEAC projection described in Section 7.1.4 at a grid cell size of 1.0 km per pixel in both the X and Y directions.
Temporal Characteristics
7.2.1 Temporal Coverage At BOREAS latitudes, at least daily coverage is provided by a given sensor. Virtually all raw data from daytime overpasses were recorded during the BOREAS period (NOAA-11 daytime) and are archived at PASS. Only mostly cloud-free images were processed and included in BORIS. The overall time period of data acquisition for BOREAS in 1994 was from 30-Jan through 06-Oct. CCRS acquired most AVHRR-LAC daytime images from NOAA-9 and -11 for each satellite pass; i.e., two images in each 24-hour cycle.
The overall time period of data acquisition for BOREAS in 1995 was from 05-Jan through 27-Sep. CCRS acquired most AVHRR-LAC daytime images from NOAA-9 and -14 for each satellite pass; i.e., two images in each 24-hour cycle.
The overall data holdings for BOREAS in 1996 are currently just two winter dates, 06-Mar and 22-Mar. CCRS acquired the AVHRR-LAC daytime images from NOAA-14 for each satellite pass; i.e., two images in each 24-hour cycle.
BORIS Mean Time (GMT). However, not all of these data are processed and distributed because of cloud cover and other data problems.
Adjacent orbits can cause double coverage at an interval of 90 minutes, increasing the number of scenes on some days. Each scan of the AVHRR views Earth for a period of 51.282 msec. During this period each channel of the analog data output is digitized to obtain a total of 2048 samples at intervals of 25.0 microseconds (the sampling rate of the AVHRR sensors is 39,936 samples/sec/channel). Successive scans occur at the rate of 6 per second, or at intervals of 167 msec. These data provide LAC and HRPT.
For BOREAS, the level-3b scenes that are available were selected based on the amounts of cloud cover and image quality.
Data Characteristics
Parameter/Variable
The values in the image data files are scaled at-sensor radiance values. See Section 7. 
Variable
Description/Definition At-sensor radiance is the radiant energy determined to be observed by the sensor from its position relative to the target. In this case, it is derived from the signal recorded by the AVHRR sensor, which is then calibrated by the processes described in Section 9 of this document.
The following equations must be used to calculate the physical at-sensor radiance in a given band from the standardized counts given in the image files: 
Unit of Measurement
The maximum range of digital numbers in each AVHRR image band is -32,768 to 32,767 so that the values can be stored in a 2-byte field. [none]
[counts]
[none]
[unitless]
[degrees]
[meters]
[degrees] 27582,59.96559,-110.99107,58.83186,-93.51707,50.9955,-110.99289,50.08562, -96.97773,858222.0,76.2,88.6,216.4,231.i, 'PRE' 8. Data Organization
Data Granularity
The smallest unit of data for level-3b AVHRR-LAC is an image. The level-3b AVHRR-LAC images from CCRS are stored in band interleaved by line (BIL) form. General information on this format is provided in the subsequent sections. Detailed information on this can be obtained from the CCRS documents referenced in Section 17.1.
Data Format(s)
The CD-ROM inventory listing file consists of numerical and character fields of varying length separated by commas.
The character fields are enclosed with single apostrophe marks. There are no spaces between the fields.
The AVHRR-LAC level-3b data are supplied in Landsat Ground Station Operational Working Group (LGSOWG) BIL format. If there are multiple scenes on a tape, the subsequent scene would occupy files 7-11 (five files), as files 2-6 above (there is only one physical volume directory per physical tape). The image files in BIL format contain image data for all five spectral bands. All leader files contain fixed-length records of 2,520 bytes and contain both ASCII and binary data. For specific details, see the CCRS documentation referenced in Section 17.1.
BIL
BIL Imagery File
The single BIL image file has 5,001 records, with each record containing 2,808 bytes. The first record in the file is the file descriptor record, followed by 5,000 image records for a total of 1,000 lines of the scene for all five bands (1,000 lines x 5 bands = 5,000 records). In a BIL image file, the first five image records are line 1, bands 1-5, respectively; the next five image records are line 2, bands 1-5, respectively; and so on. Each image record contains 36 bytes (18 pixels) of prefix data, 2,000 bytes (1,000 pixels) of image data, and 772 bytes of suffix data (36 + 2,000 + 772 = 2,808 bytes).
The image is oriented so that pixel 1, line 1 is in the upper left-hand comer (i.e., northwest) of the screen display. Pixels and lines progress from left to right and top to bottom so that pixel n, line n is in the lower right-hand comer. Each pixel value is contained in a 2-byte (16-bit) field ordered as most significant (high-order) byte first.
BIL Trailer File
The trailer file contains information associated with the image data that is not always available before writing the image data, such as data and recording quality and data summaries. Each trailer file contains a file descriptor record and trailer records for all bands of imagery in the associated imagery file. All trailer files contain fixed length records of 4,140 bytes and contain both ASCII and binary data. For specific details, see the CCRS documentation referenced in Section 17.1.
BIL Null Volume File
The null volume file contains one record that designates the end of the data volume. The BOREAS level-3b AVHRR-LAC tapes contain null volume files after each image because multiple scenes were copied to a tape from several original tapes.
Data Manipulations
Formulae
Derivation
Techniques and Algorithms The AVHRR-LAC processing is carried out by GEOCOMP (Robertson et al., 1992) . Designed to produce AVHRR-LAC composite images over continental areas, GEOCOMP operates in two steps. First, individual images are registered and resampled to coregister with one another and with a baseline map. Second, the images are composited to find the most cloud-free pixels for the period of interest. images are the result of step 1. The requirement for high throughput was handled in GEOCOMP by giving the operator an option to divide the orbit into smaller scenes (thus reducing the number of empty pixels after geometric correction). Buffam (1994) provides detailed documentation of the GEOCOMP products from the user viewpoint. All five AVHRR-LAC channels are calibrated by GEOCOMP. Channels 3-5 are calibrated using onboard calibration data (Planet, 1979) . Data for the reflective channels i (i = 1,2) are calibrated in two steps (Teillet and Holben, 1994) : first by converting the raw digital signal level (DSL) Di(raw) into apparent sensor radiance L'i, and then by representing the resulting L*i on a fixed 10-bit output scale as calibrated DSL Di(cal). The formulas used are:
where: Li* is the radiance at the top-of-the-atmosphere GEOCOMPusestime-dependent (definedasdayssincelaunch)correctionof theAVHRR-LAC gain Gi andoffsetD0i of eachof thechannels1 and2 (TeilletandHolben,1994) asseenabove,and onboardblackbodycalibrationtargetsfor channels 3, 4, and5.Theresultingvaluesarein radiance units [W/(m2sr_am)] for channels1and2, andmW/(m2 srcm) for channels3-5. Thus,for channel i, i=1,2 thegain andoffsetare:
[5] DOI(cal)= Gi(cal)* (Li*) + D0i(cal) [6] whereA, B, D, E arechannel-dependent coefficients. Note: For NOAA-14 in 1995, a distinction needs to be made between data processed as level-3b, which used prelaunch calibration, and as levels-4b and -4c, which used postlaunch with sensor degradation.
Angular information is encoded in the GEOCOMP format to allow calculation of the solar zenith, view zenith, and relative azimuth angles for each resampled pixel. This information is located in the suffix of the image file. In each image line, 65 tie-points are encoded for the four angles: solar zenith, solar azimuth, satellite zenith, and satellite azimuth. After extracting these angles on tie-point pixels (65 pixels within each image line), linear interpolation is applied to get the angles for each pixel within the line. The relative azimuth angle is given by:
Relative Azimuth = abs(Solar Zenith -Satellite Zenith) to the level-0 data are based on the spacecraft clock time. Therefore, an error in dt will be reflected as an error in Earth location. The error in Earth location caused by this timing error could be as much as 4 kilometers at the satellite subpoint. SOCC applies the correction to dt just before an orbital recording begins, so a user would never see a jump in the Earth location of a particular data set. This does not influence the accuracy of the level-3b data; the effect is taken out during GEOCOMP registration and processing. Some uncertainties remain in the geometric location of the level-3b resampled pixels. The root mean square (rms) error in the location of control points is most often less than 1,000 meters (typically 600-800 meters rms).
Quality Assessment
10.2.1
Data Validation by Source Not available.
10.2.2
Confidence Level/Accuracy Judgment The AVHRR reflective channels 1 and 2 are designed to accommodate a dynamic range of 200 to 1. A full-scale signal corresponds to 100 percent albedo; that is, the radiance from a diffuse (Lambertian) reflector (a bright cloud) under full solar illumination. A minimum detectable signal corresponds to 0.5 percent albedo with a signal-to-noise ratio of at least 3 to 1. The thermal channels 3, 4, and 5 are calibrated in-flight using a view of a stable blackbody and space as a reference. These channels are designed to measure emitted thermal radiation with an accuracy better than 0.14°C for a source blackbody temperature of 300 K. 
Measurement
Archive/DBMS
Usage Documentation None.
None. The AVHRR-LAC level-3b images resulted from a joint development and processing effort between BOREAS staff at CCRS and NASA GSFC. The data were acquired by CCRS and processed by MRSC in Winnipeg, Manitoba. The respective contributions of the above individuals and agencies to completing this data set are greatly appreciated.
Glossary of Terms
